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ABSTRACT

Stream-sediment samples from 1500 sites in the Ashton,
Idaho/Montana/Wyoming 1:250,000 quadrangle were analyzed for 45 elements.
Almost all samples containing anomalous concentrations (exceeding one
standard deviation above the mean value of any element) were derived from
drainage basins underlain by Quaternary rhyolite, Tertiary andesite or
Precambrian gneiss and schist, Alumipum, barium, calcium, cobalt, iron,
nickel, magnesium, scandium, sodium, strontium, and vanadium have an
andesite provenance. Most anomalous manganese, europium, hafnium, and
zirconium values were derived from Precambrian rocks. All other anomalous
elemental concentrations are related to Quaternary rhyolite.

This study demonstrates that multielemental stream-sediment analyses
can be used to infer the provenance of stream sedimants. Such data are
available for many parts of the country as a result of the National Uranium
Resource Evaluation. This study sugeests that stream-sediment samples
collected in the Rocky Mountains can be used eicher as pathfinders or as
direct indicators to select targets for mineral exploration for o host of
metals,

Introduction

A geochemical scream-sediment survey for 45 elements was conducted by
the lLos Alamos National ' aboratory in the Ashton 1:250,000 quadrangie in
eastern lddaho, southwestern Montena, and norihwestern Wyoming (Fig. 1).
This study was undertaken as part of the nationwide Hyarogeochemical and
Stream Sediment Reconnaissance (HSSR) Programn, which was a major component
of the 1.S. Department of Energy's Nationdal Uranium Resource Evaluation

(NURE ),



A total of 1500 sediment sampies was collected. These were obtained
from 1433 stream channels, 52 springs, and 15 ponds. The samples from
M -na were collected in August 1976, whereas those in Idaho and Wyoming
were llected in the summer of (978. All samples were collected at a
nominal reconnaissance density of one sample location per 10 kmz.
Standardized field, analytical, and data-base management procedures were
used during both sampling programs.

All 67,500 analyses for elements in these samples (except for 3,000 As
and Zr analyses) are tabulated in the Ashton quadrangle report (Shannon,
1980). These data plus the As and Zr data are also available on magnetic
tape from GJOIS Project, UCC-ND Computer Applications Department, 4500
North Building, Oak Ridge National LlLaboratory, P.0. Box X, Oak Ridge, TN
37830. Add itional HSSR data are available for small areas along the
northern and eastern margins of Yellowstone National park in the Bozeman
quadrangle (Bolivar, 1979; 1980a) and the Cody quadrangle (Bolivar, 1980b).
Field Procedures

Enough fine-grained, oruanic-rich, water-transported sediment to yield
a composite sample of 2% a after processing (as indicated helow) was takef
from beneath the water level at three adadjacent spots at each spring or
stream location, The sediment was put into a new, clean, and originally
sealed, rip-top polyethylene baqg which was then properly double labeled for
delivery to the contractor's drying facility. After drying at <100°C, each
sample wdas sieved through a 100-mesh stainless steel sieve, The minus
100-mesh fraction was put into a prewashed, 25-ml polyethylene vial which
was then appropriately double-labeled and sealed for shipment to Los
Alamos. All field observations and measurements were recorded on field

data forms which were included with the samples.



The field observations represented the best judgment of the {ield
sampler at a location and included general descriptions of the local bed-
rock, sediment, water, vegetation, terrain, weather, and possible con-
taminants. Because these observations were subjective and made quickly in
the field, they should be held subordinate to formally documerted infor-
mation such as that provided by published topographic or geologic maps.

Each cortractor was supplied field maps with the desired sample types
and general locations symbolically premarked at Los Alamos. The field maps
were generally 1:24,060 or 1:62,500 USGS topographic maps. As each
location was sampled, a unique sample location number, preprinted on
transparent adhesive labels that was provided with each identically
numbered field data form, was placed on top of the precisely marked point
representing the sample site on the field map. Wher a desired sample as
specified could not be obtained, an identical or alternate sample type was
ricked, and the new sample type and location were marked on the field map
and properly labeled as above. The latitude and longitude of each location
was then computed by the sampling contractor within 48 h of taking each
sample. Every location was later checked at ros Alamos by cigitizing the
sample locations on each map and comparing them to those conputed 1n the
field. The latitudes and longitudes were corrected if the field-zomputed
locations were displaced by more than 300 m from the locations marked on
the field maps. f. final visual check of sample locations was made by
overiaying computer-produced location plots on the field maps used. The
computer program for generatine the Universal Transverse Mercator map

projection overlays was described by Cheadle (1977).



Analytical Procedures

A1l sediment samples were analyzed for tetal wuranium by
delayed-neutron counting (DNC) (Minor et al., 1981). A split of each
sample was transferred to a clean 4-ml rabbit, weighed, and its weight
recorded along with the appropriate location number. These rabbits were
then loaded into a 50-sample transfer clip. The reactor pneumatic-transfer
system and backgrounc radiation levels were checked, and standards were run
for calibration. The transfer clip was installed and the samples were
cycled through the system. The uranium concentration was automatically
measured, converted to ppm, and entered 1into the data base. The lower
1imit of detection of this method was 0.01 ppm uranium, far below the range
of uranium concentrations in natural sediment samples. Above the 1 ppm
level, the uranium values in <ediment measured by DNC at Los Alamos had a
one-siyma error of less twan 4%. The specially desiyned delayed-neutron
detectors, were described by Balestrini et al. (1978).

lumediately upon completion ot the wurdanium analysis of sediment
samples by DhL, the same 4-ml sediment splits were entered inte the
neutron-dccivation  analysis {(NAA)  sequence. The concentrations of 33
additional elements were determined by this prrcedure.. These elements were
Al, As, Au, Ba, Ca, Ce. C1, Co, Cr, Cs, Dy, tu, Fe, Hf, K, La, Lu, Mg, Mn,
Na, Rb, Sb, Sc¢, Sm, Sr, Ta, Tb, Th, Ti, Vv, Yb, {In, and Ir. The ull
DNC/NAA Ltiming sequence used ot los Alanos for each sediment sample was:
20-s5 drradiation, 10-s deley, 30-s DNC analysis, 20-min delay, 4“00-s y-ray
count fur short-Tived radionuclides, 96-s re-irradiation, l4-day delay, and
tinally a 1000-s y-ray count for long-lived redionuclides. The y-ray
count ing was aone by lead-shielded Ge(li) detectors; the 40Y6-channel y-ray

data were recorded and subsequently danalyzed for each individual element by



computer, The analytical data for earch sample was automatically printed
along with the associated statistical errors. The lower detection limits
for the various elements as reflected by the "less than" values (denoted by
a minus sign in front of a concentration) in the data listings were the
values for the individual elements at which the statistical counting error
approached 50%. Typical lower detection limits for the elements determinea
by NAA were reported in Nunes and Weaver (1978); however, the actual
detection limit for an element depended upon the composition of the sample,
and this limit may have been higher or lower than the typical value. At
concentration values one order of magnitude abcve the lower detection
Timits, the relative errors were generally less than 10%.

A computer-controlled, energy-dispersive x-ray fluorescence system was
used to determine Ag, Bi, Cd, Cu. Nb, Ni, Pb, Sn, and W in sediments. The
system consisted of an automatic 20-position sample changer, a lithium-
drifted silicon detector, a pulsed molybdenum transmission-target x-ray
tube, a multi-channel analyzer, and a minicomputer, The sediment samples
were prepared for analysis by urinding 6 ¢ of each minus 100-mesh sample to
a minus 37L-mest puwder., A computer proardim positioned the 6-g samples in
the x-ray beam, unfolded overlapping peaks, determined peak intensities for
each element, and calculated tne ratio of the intensity of each peak to
that of the molybdenum K" fompton peak. Concentrations of each element
were then calculated using equations obtained by analyzing prepared
standards. Detection limits were: 5 ppm for Ag, Bi, Cd, and Pb; 10 ppm
for Cu and Sn; 15 ppm tor Ni and W; and 20 ppm for Nb. When an analysis
resulted in an elementa! concentration that was below the detection 1imit,
a minus sign preceding t-e value of the detection limit for that element

was inserted in the data listings., The relative standard deviation was 10%



or less at the 100-ppm level and 20% or less at the 20-ppm level. Details
of the method and eguipment used were described by Hansel and Martel)
(1977).

A 5-mg portion of the minus 325-mesh sample that had already been
analyzed by x-ray fluorescence was mixed with 10 mg of a buffer consisting
of one part graphite and one part SiOZ- The sample/buffer mixture was
placed into a graphite electrode that was used as the anode of a dc arc
having a short circuit current of 6A for 10 s, then 17A for 50 s. Photo-
multiplier tubes in a direct-reading spectrograph were used to measure the
second order 313.0-nm line of Be, the first order 670.7- and 610.3-nm lines
of Li, the background spectra near these lines, and the 327.6-nm line of V.
The 670.7-nm Li line was used for Li concentrations up to 10 ppm and the
610.3-nm line of Li was used for concentrations above 10 ppm. The V line
was used to correct the Be value when V is present. The signals from the
photomultiplier tubes were read by a digital voltmeter and were processed
by o desk-top calculdtor. The results were simultaneously printed on pdper
and written or 1ssette “epe for later transmission to e o buter data
tile., Tne eleaenta. Zoncentrations of Be and L1 were determined from the
spectra, hased on the results ot previously run calibration standards. The
lower detection 1imit for both elements was 1 ppm. When an analysis
resulted in an elemental concentration that was below the detecti)n limit,
3 minus sign preceding the value of the detection limit for that element
was inserted in the data listings. Precision at the lower detection limit
was *50% for both elements and improved to =% 4t one order of magnitude

above the lower limit.



Geology
A detailed discussion of the geology of the Ashton 1:250,000 quad-

rangle is beyond the scope of this paper. A brief summary of the 1ithology
of the quadrangle is generalized geologic maps by the U.S. Geological
Survey (1972) and IntraSearch (1979).

The Precambrian basement comprises dolomite, gneiss, schist, tremolite
marble, and quartzite.

A1l Paleozoic and Mesozoic rocks are sedimentary. Cambrian strata
include limestone, shale, and sandstone, Dolomite is the dominant
Ordovician and Devonian rock type, and limestone i3 the chief Mississippian
rock type. Pennsylvariian rocks are principally sandstone and siltstone
whereas Permian rocks are chiefly phosphatic shale and sandstone.

Triassic rocks consist ¢f siltstone, shale, and sardstone. Jurassic
strata include sandstone, shale, and limestone. Cretaceous rocks are pre-
dominantly sandstone and shale.

Almost all Tertiary rocks are volcanic. The chief exceptions are
Paleocene sandstone and shale, Etocene rocks ure chiefly dandesite, basalt,
trachyte and rhyodacite, Pliocene-Pleistocene voicer 1CS COmprice rhvolite
flow, and ash-flow tuffs. Pleistocene volcanics are comprised aimost
wholly of rhyolite flows and ash-flow tuffs plus local basalt. Pleistocene
sediments are glacial deposits. Recent sediments include alluvium, fan and
terrace deposits, landsiides, and windblown sand. There are also local
hot-spring and hydrothermal-explosion deposits.

Methodology

For each of the 45 elements, computer maps and tabulations were made

showing the distribution of sites from which the elemental content of the

sediment samples exceeded one (o), two (20), or three (3o0) positive



standard deviations above the arithmetic mean for that element. Values
less than the detection limit or of zero were excluded from consideration.

Each individual element map of the 1° by 2° Ash on quadrangle (U.S.
Geological Survey, 1972) was subdivided into 32 15-minute quadrangles
numbered consecutively from the upper left corner as shown in Figure 2.
The number of sample values for sites within each quadrangle between -~ and
20, between 20 and 30, and exceeding 3¢ were counted separately and
recorded. [Fach quadrangle was scored separately for each element by adding
the nunber of values between ¢ and 20 to twice the number of values between
20 and 30 and to thrice the number of values exceeding 3o. Based on .hese
scores, the four quadrangles containing the highest sums were taken to
represent the peak geographic concentrations of sites in the Ashton
guadrangle from which samples containing the most anomalous values of that
element were obtained. Hence the one-eighth of the total area of the
Ashton quadrangle, from which the largest number of anomalous values and
the most strongly anomalous values for that element were reported, werc
identified as most likely to have & decipherable geologic relation to the
provenance of the stream-sediment samples. This process wds repeated, 1in
turn, for each of the other 44 elements.

For each 15-minute quadrangle, the areas, which include clusters of
samples containing anomalous valuzs of one or more elements, were plotted
on the Ashton topographic map as shown in Figure 2. The geology of these
areas was noted by transferring information from the 1:250,000 geologic
overlay (IntraSearch, 1979) inciuded in the Ashton NURE report (Shannon,
1980). For areas within Yellowstone National Park, the 1:125,000 geologic
map was used (U.S. Geological Survey, 1972). The resulting information was

tabulated (see Appendix) to determine the association of anomalous vailues



of each metal with specific rock types throughout the Ashton quadrangle.
Each major rock type in the areas upstream from sites, from which samples
having anomalous concentrations of various elements were ottained, was used
to match such elements with the‘Titho]ogy of their probable derivation
Some samples may be recycled from terrace or glacial deposits, which
ultimately had their provenance in other rock types cited.
Conclusions

The following groups of elements have a correlation of 1.00 (four out
of four) between the four 15-minute quadrangles within which are located
sites from which samples containing the most anomalous values of those ele-
ments were obtained. The quadrangle numbers are shown in parentheses below
and also in Figure 2.
1. Zr and Hf (2, 3, 15, 23).
2. sr, Sc, Na, fFe, Co, Ca, and Al (8, 16, 24, 32).
3. As and Sb (13, 14, 15, 21).
4, Ni and Mg (16, 24, 31, 32).
5. Yb, Sm, and La (23, 28, 29, 30).
6. Tb, Lu, and Dy (20, 28, 29, 30).

The following groups of elements have a correlation of 0.75 (three out
oY four) as explained above.
1. Zr and Eu (2, 3, 15).
2. Hf and Eu (2, 3, 15).
3. Mnand Cu (10, 11, 16).
4. Sn and Rb (20, 29, 30).
5. Vand Sr, Sc, Na, Fe, Co, Ca, and A!' (8, 16, ?4).
6. W and As and Sb (14, 15, 21).

7. Ce and Th (4, 23, ?9;.

10



8. Ba, Ni, and Mg (16, 24, 32).

9. Ba and Sr, Sc, Na, Fe, Co, Ca, and Al (16, 24, 32).
10. Yb, Sm, and La versus Tb, Lu, and Dy (28, 29, 30).
11. U and Tb, Lu, and Dy (20, 28, 29).

12. K and Tb, Lu, and Dy (20, 28, 29).

13. Pb, Zn, and Be (13, 20, 29).

Most elements that occur in anomalous concentrations in stream-
sediment samples have their provenance in Quaternary rhyolitic rocks.
These include U, Th, seven rare earths, ore metals (Bi, Pb, Sb, Sn, W, and
Zn}, rare metals (Be, Cs, Li and Ta), and also K, Rb, As, and Cl. Those
within Yellowstone National Park are associated chiefly with the Lava Creek
and Huckleberry Ridge tuffs of the Yellowstone Group. In addition, %
flows of the Central Plateau Member of the Plateau Rhyolite as well as the
Mount Jackson and Lewis Creek rhyolites are also probable sources of
anomalous metals in stream-sediment semples.

Stream-sediment samples containing anomalous amounts of major elemen-
tal constituents of andesite (Al, Ca, te, Mg, Ne, and Ti) as well as Ba,
Co, Ni, Sc, Sr, ond V hdve a provendnce 1n the andesitic rocks of the
Absarokda Volcanic Superygroup of Focene dge along the eastern mdrgin of the
Ashton quadrdangle. The chief source rocks aore the Lamar River, langford,
Two {cean and Wiygins Formations, (ther probable contributors d4are the
Wapiti and Mount Wallace Formations and the irout C-eek trachyandesite.

Most. stream sediments containing dnomalous amounts of Mn, tu, Hf, anu
Zr have a provenance in Precambrian gneiss and schist. The Tanner manga-
nese prospect (Mitchell et al., 1981) is upstream from one such

anomalous-sample site.
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For a few anomalous elements, the provenance is mixed. Cd and Cr seem
to be equally associated with Tertiary andesite and Quaternary rhyolitic
rocks, Some Eu, Hf, and Zr are also related to Quaternary rhyolite. Cu
seems to be equally derived from Tertiary volcanics and Quaternary rhyolite
while Nb has its probable provenance divided between Quaternary rhyolite
and Quaternary basait.

It is significant that erosion from other rock units in the Ashton
quadrangle has not forme¢ sediments containing appraciably anomalous values
of any of the 45 elements in this study.

NURE stream-sediment samples originally were collected, analyzed, and
the resultant data published to facilitate exploration for additional
uranium resources in the United States. However, the interpretation of
this darray of multi-elemental analytical data may be far more important
either directly in seeking new resources of mdny of the elements cited or
indirectly as pethfinders to resources of other metals not reedily analyzed
in the NURE program.

Obviously, there s ne artent Lo enieurage minerd.  «<sploratror n
Yeliowstone hdationg! ¥drk. however, other uses 0t tnese ceo nemicd: dold
incluge the solution of purely screntifaic geologic probiems reidated to the
provenance of stream sedicents within end adjoining the park, For ¢xample,
the ultimate derivation of multicyclic sediments can he dediced. Also this
is another tool for determining a more detarled Pleistocene geologic
history of the park.
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FIGURE CAPTIONS

Fig. 1. Locatior map of the Ashton 1:250,000 quadrangle,
Idaho/Mrntana/Wyoming.,

Fig. 2. Anomaious concentrations of elements in stream-sediment samples in
the Ashton 1:250,000 quadrangle, ldaho/Montana/Wyoming.
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GLeolugic Ares

APPENDIZ (cunt.)

Elerents

A. upper Geyser Basin

E. Firehule River

A. lewry Lehe-Chichadee | abe

8. Aster Lreer

L. Hearl lake ucyser basan

A. beaver (reen

A. Muunt Langtora

k. Beawverdan Lreek

C. Trappers Creer

b. Mauntasin Lreek

L. Trawl Cree

hune

A, Blue Lrees

8. Ratllesnade Lreek

C. Spring Lreed

Antimony, beryllium, cesium, chlorine,
and tantalym

Antimony, drsenic, chlorine, ceslum,
and tunysten

feac anc putassium

I1thium

Cestum and Tithium

Bismuth, cervum, hatntun, lantraaum,
Sarariyn, thorrum, yllerdium, and 2yrccnaum

Rtuminum, bartum, (alcvun, (oba’t, aror.,
MmaqQhestium, niorel | scarlium, sodvum,
stronttum, and vanaltum

Aluminun, Lartus, a0, calotuk, cuball,
100, Fadies ' ar ) ot osel | oy anivy ) o,
stroatiam, ong wge i

Alumnure, Nariav, CaaMNus, fad var, Lotall,
TON, madnesius , none! | Soar 300 sut g

strontium, t'taniut, 3nd wvdrat e

Avamnnum, tar LIVTUNSENIP AL VL N AP R YL I I S
cubalil, 1ron, agnestut, Avoael, soanct
Scdiunm, Strontian | T1canluT, and vanalt gy

Aluminum, bertum, (sdnium, calcrum, | .taltl,
tron, ragnesiun, ntoael ) scardturn, s
stront'ur, and vanggtur

Bysmyth

Bismuth an3 (h)larvne

Ersmuth

Geology

voaternary rnyoltte (Mallarg (ake Memder, West Yellowstone
flaw, Yo per Haste “eaber;, Queterrnary NDL-SPring Oepositls,
soetertzry alluviun,

catertary rhyolite [Summnt Lare, Grants Pess, anc Spring
Lreat flms! | elernary searments,

Jualernary rhyca'1te (Snoshone Lehe Tuff Member, Aster
Creek, Ury (reeh, Elepnant bBeci, and Piichstone Pidteac
1. my,, Yodivirary secrrents.

D atvrnary rayulile (Mucsieberry kagqe Tut! | Asler (rees
“Tow,, Duaterfgry sediments.

fatefrgty thyGlite (Roodleverty rage Tott, Aster (ree:
Tluw!, L.olerrary not-sifing aepus iy, f.ater~ary
EYTRARTL () S

wualerrary chvalite {lava Lrees Tult, %uunl gacssor
bnyolite, Aster Creer tlow), Dualerrary sel-rents.

vriiare argdesite (lorgtora turmat1on, lwu v.otef
Poroalieny, erttary trachyardestte [Trogl reer
‘racthyarntesite), Qualernary Se s

Terilary andesitle (LarGture ot ctet L el fiiean boar ozt
“ertiary UracNeandesite (Truul Lreer ractesrdesite, .

Latifnaty sel Tenls,

. ! Lite Tlanatord 1ornetioh, Im. oedh
Cortant L cLaalel nary Ssedvuenls,

Ctlrary 27 desdle ilengtdro formation, Two Lcean

Sl T LAlernary SEJluents

et tle ‘Jualernary rhyalite) {langfors ‘ormatio-,,
APEME S B LA N UM L) & Y8

Tie. L.alernary e)'lvtam,
Srcralfy fryudtte, fLalet Tty o0 LadR,
.
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Geulogic Ares

ALFENJIY (cant.)

Elements

Nong

A. Moose Crevh-Snow Creel

B. Upper Snow Lreek

C. lLake Wyvaahu

0. horseshue Lake

f. Uppaer Rock Lreer

F. TU-WY-YNP common point

G. burcupine (reek

Kodue

h. talis Fiver

. Beone Ciees

R. Lumer heonier Kiver

B. Moantain Asth Lrevh -keyla
Luke

C. Loan Lare

Dysprostum, lantnenea, Vitmiun, Yuletium,
aioblum, polassium, samariym, tantalus,
thorium, ana urantum

Dysprosium, lantnhanum, Titnium, lutetium,
potasstumn, tantalum, troriu~, dand urantum

Berryl 1yum, dysprosiur, vuropiunr, lartnanun.,

Vithium, lutetium, sanarium, tantalum,
Lthorium, tin, uyraniu~, dra ytlertiu®
Lithium, potassium, and uraniur

Lythiun, miublum, polassium, ars uraniun
Nyabirum

Trtantum

Lythout an? ataniae

Titarrum

rerylbium, dys,rost . vt
Tute 1um, samarian, ter:
ylterSram

(I

beryllrum, certunm, dyspraostun, vaio, s
Tantrarnum, leas, lutetrurm, patassiur,
cubY I um . sdnerun, tantal v, teehm
thorwum, tin, .ramium, 4an@ ylterbium

CEPTUM, O SProsiar , eutoblam, Yanlt angm,
Tutetium, potessiur, rublgiur, samas1ym,
terhyum, anc tnorium

Geoloqgy

{ualerndary rhyolite, Quéternary tasart,

(Uudternary rhyolite (Buftalo Late flow), Quaterna-y g'acis!
ceposits.

walerrary rhyoltte [Samaat lase *'um), Lidlernalfy basel?
{talls River Basdlt), Quatlernary glsclal Zeposits,

jestet afy Sedinerls,

rhyglite {Lava Creer Tutf), Quaternary nasa't
et kanaltl) Ductermgey ulalnal zepos'ts,

iy et

St aly

et oty

L.atirtary Lasal!t (Falls River Basalt), Quaternaty
Ty Llite.

t- 1ty Lasalt {Falls River Basell}, Juelernafy rhyditte
s Tuft) | ueternary seld rents,

sy Lasa't, sualerpary royolile, Godlzrrary giatle’
oL Latirtate b usilT,
' -, tefraty Lasail, Laeletfary
vty tatatt, L aterfary thyulile, LualerNafy <lacld!l

ey lut,

JFor.nstane Plateau
“z8altl), Qualérnary

flow', Duat reary
secimants,

Tettaty Tyl te sinstune Flalesu tlow, Llemis Lanyor
Sy Y ite L Lavd ofier 10 moaanlcherry Rhage Tutf
erlicty GeU1lE, adtefnaty tasalt [Felis kiver tasalt),
Trigusic strata fsts, €ni, Tertiaty andesile (ALSA"Ose
vaigar 1z Sunergro.n), lumer Faleszotc sirata ‘ls, aol!, shi,
ueternaty sediTents. uierous rarther'y faults ar eastern
Lart,

eraty Pryoitle vLoslelerty “raue tutt, Lava Lree
Tt aterracy Tasa U 'Falis kiwer basalt;, Tertiary

Ste L gt BateLute 8Trala (ss, 1y a3V} TJuateruary

oatts . Leleraty atlaeroon



APPENDIX (cont.)

Quadraengle Geologic Ared Elements
D. Survey Peak Europium
E. Lower berry Creek Chromium
30 A. Upper Lewis River Cesium, dysprosium, lanthanum, lead,
1athium, Yutetium, samaryum, tantalue,
and terbium
B. Lower Lewis River Cerium, oysprosium, lanthanum, li1thium,
lutetium, samarium, 4nd uranium
C. Bobrat Riage (partly Gola
Quadrangle #31)
1 A. Bastern boraer Same as all of Quadrangle #32.
32 A. Entire quadrangle Alumirum, barium, calcium, cobslt, 1ron,

magnesium, nickel, scandium, sodium, ana
strontium

Geology

Luaterrary rhyolite, Paleozolc strata (1s, dol, ss, sh),
Tertiary pasal?, unaiviaed Precambrian rocks, Triassic
stale, Quaternary culacial deposits.

Mi-si2nic Strata (sh, ss), Quaternary rhyolite, Upper
Talerzoie strata (1s, ss), Quaternsary glacial deposits,
Yualernary alluviur.,

Ceaternary rryolite (Frichstone Plateau fluw;.

Haaternary rryolite (Lave Creek Tuff, Lewirs Canvor
iy.ite;, Cardunilerous strata {1s, ss), Triassic strate

'sls, sh, §S), Gudlernary seiiments.

Livtarreus Claystones, Pdleocent sireta, Quaternary 1
rhyslite.

Tertiary dncesite (wWi1gains Forzation, Teu Utean Farmeiion;,
Paleusoic strata (1s, dol, ss). Tuclernary Hasalt {Gasalt of
¥daripusa lake), (uaternary secimerts, Quatsrrdry g ac i)
Sehosils,



